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Abstract: The cytogenetic effects of copper chloride on root tip cells of Helianthus annuus were investigated. Seeds were treated
with 10, 25, 50 and 100 mg/L (ppm) of copper chloride for 24 h.
It was found that copper chloride has a marked mitodepressive action on mitosis. Mitotic abnormalities were increased and the
mitotic index was decreased depending on the concentration of the copper chloride applied.
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Bak›r Klorür'ün Helianthus annuus L. Kök Ucu Hücreleri Üzerine Sitogenetik Etkileri
Özet: Bak›r klorür'ün Helianthus annuus kök ucu hücreleri üzerine sitogenetik etkisi incelenmifltir. Tohumlar 10, 25, 50 ve 100
mg/L'l›k bak›r klorür çözeltisi ile 24 saat muamele edilmifltir.
Bak›r klorür'ün mitoz bölünmeyi bask›lad›¤›, doz art›fl›na ba¤l› olarak kromozomal anormalliklere sebep oldu¤u ve mitotik indeksi
(hücre bölünme frekans›) azaltt›¤› gözlenmifltir.
Anahtar Sözcükler: Bak›r klorür, Helianthus annuus, mitoz bölünme, kromozomal anormallikler

Introduction
In developed agricultural systems, inorganic fertilisers
are applied to the soil to supply the essential nutrients
required for the growth of plants. However, the
accumulation in the environment of heavy metals as a
result of current agricultural systems is steadily
increasing. Many cytological studies have been carried out
to detect the harmful effects of various heavy metals on
different plants (1-3). In addition, in developed industrial
systems, industrial wastes affect genetic systems by
producing various types of chromosomal abnormalities.
Copper is potentially toxic to most organisms (4),
which, at low concentrations, can act as an essential
micronutrient for plant and microbial growth (5). At toxic
concentrations, copper interacts with cellular nucleic acids
and enzyme active sites (3,6,7) or is absorbed on the cell
wall (8).

Copper belongs to group 1B in the periodic table, and
shares many of the characteristics of the transition
metals. It forms two series of compounds: cuprous and
cupric. Both ions show a strong tendency to form
complexes by coordination with suitable ions or
molecules. The complexes so formed are much more
effective than simple copper ions (9).
Our aim was to determine the effects of copper
chloride on cell division and the somatic chromosomes in
Helianthus annuus L..

Materials and Methods
In this study, 10, 20, 50 and 100 ppm concentrations
of copper chloride were used. The solutions were
prepared in tap water. Seeds were placed directly in the
test liquids. Controls were placed in tap water only. The
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seeds were treated with test solutions for 24 h and then
left to recover for 10-15 min in tap water (3).
The seeds treated with test solutions were placed on
wet filter paper in petri dishes and left in darknees at 2223 ºC. Root tip meristems were obtained from
germinating seeds in petri dishes. Both the experimental
and control root meristems were excised from the seeds,
and fixed in ethanol-acetic acid (3:1) for cytological
analysis following Feulgen’s schedule (10). For each
variable 5-6 root tip squashes were prepared and a
minimum of 500 mitotic cells were counted from each
slide.
Analysis of variance of the data was performed with
SPSS. The Dunnet t (2-sided) Multiple Range test was
employed to determine the statistical significance of
differences among the means. The statistical analysis
presented in Table 1 indicates significant variation (P =
0.05) in mitotic cells comparing the number of normal
and aberrant cells at each concentration with the control
sample.

Results
The effects on the mitotic index and the frequency of
the mitotic phase are given in Table 1. Copper chloride
caused a decrease in mitotic index at all concentrations.
Table 1.

When the phase frequencies were examined, it was
observed that copper chloride inhibited mitosis and also
blocks it at the metaphase. Copper chloride affected the
spindle and decreased anaphase and telophase stages
while the metaphase stage was increased. In addition, in
most cases the percentages of abnormal mitotic phases
were seen to increase with increasing concentration
(Table 1).
Chromosomal aberrations at metaphase and anaphase
bridges were the most common in all the treatments.
Moreover, their relative frequencies were dose related.
Chromosomal aberrations were observed to have
increased in frequency with increasing concentration. The
types of chromosomal aberrations observed included
fragmentation, disturbed chromosomes, sticky
chromosomes and chromatine bridges, unequal
distribution of chromatine and condensed chromatine
(Table 2, Fig. 1).
Discussion
The cytogenetic effects of different copper chloride
treatments on mitotic division in the root tip cells of
Helianthus annuus are given in Table 1. The mitotic index
decreased with increasing concentrations of copper
chloride. Similar results were obtained after treating
Allium cepa root cells with insecticides, herbicides,

Effects of copper chloride on mitotic cell division of H. annuus L.
Mitotic Index

Concentrations
(mg/L)
10
20
50
100
Control

11.40
10.61
10.44
9.18
11.50

Prophase %

Metaphase %

Ana-Telophase %

N

A

N

A

N

A

32.30
25.00
21.75
16.60*
49.50

54.03
67.30
69.12*
77.90
26.60

3.49
2.50
0.97*
0*
7.65

75.75
84.20
94.20*
100.0
55.20

6.98
3.75*
1.94*
0*
12.60

54.20
70.00
84.60
100.0
17.60

* P=0.05, N: normal, A: abnormal.

Concentrations
(mg/L)
10
20
50
100
Control
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Disturbed
chromosome

Sticky
chromatine

chromosome
bridge

31.40
52.00
41.20
45.50
17.10

26.20
17.08
32.10
35.80
11.20

0.43
0.41
1.95
1.28
0.45

Table 2.

Somatic
chromosomal
abnormalities (%) in H. annuus L.
root tip cells induced by copper
chloride.

H. ‹NCEER, S. AYAZ, O. BEYAZO⁄LU, E. fiENTÜRK

Figure 1.

Chromosomal aberrations induced
by copper chloride in root tip cells
of H. annuus L. X500.
a: Sticky chromosomes.
b: Disturbed chromosomes.
c: Unequal distribution of chromatine.
d: Condensed chromatine.
e: Fragmentations.
f: Chromatine bridge.

pesticides and chemical mutagens (11-14). A decrease in
the mitotic index indicates that copper chloride interferes
in the normal sequences of mitosis. Such a reduction in
mitotic activity could be due to inhibition DNA synthesis
(15). This may suggest that copper chloride has the same
effect.
Different kinds of chromosomal aberrations are
presented in Table 2 and Figure 1. The most common
types of observed anomalies were chromatine breaks,
condensed and sticky chromosomes, scattered
chromosomes and chromatine bridge. Similar
observations have also been reported by other authors in
other systems (1,16-18). Chromosomal aberrations
induced by copper chloride are similar to those caused by

other insecticides, chemical mutagens and radiations.
Such chromosomal irregulations can affect the vigour,
fertility, yield or competitive ability of the exposed plants
(19). They are indicators of the clastogenic effects of
their inducers (20). The inhibition of spindle formation
has been shown to lead to severe abnormalities such as
stickiness, unequal distribution, multipolar anaphase,
chromosal bridges and laggards (16,21).
In conclusion, as has been stated above, copper
chloride has harmful effects on the root tip cells of
Helianthus annuus. In addition to these findings, the
increase in soil and water pollution can lead to certain
irreversible cytogenetic effects in plants and even in
higher organisms.
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